Background
Acromioclavicular joint dislocation (AC dislocation) typically affects young adults [1, 2] . In 9 to 12 percent of shoulder girdle injuries the AC joint is involved [2, 3] . The cause is usually a direct blow to the shoulder. Treatment of AC dislocation relies on the Rockwood classification system [4] . Additionally, AC joint injuries classified as either type I or type II occur twice as often as the more severe type III or type VI injuries [3] .
Operative treatment is typically performed in higher grade AC separation [5] . Indications for Rockwood type III dislocation have been widely discussed. While some publications postulate conservative treatment to be superior [6, 7] , Cecerelli et al. saw a deficiency in the operative treatment Signature: © Pol J Radiol, 2013; 78(4): 15-20 DOI: 10.12659/PJR.889615
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of Rockwood type III dislocations [8] . Various methods have been described, such as an augmented suture with absorbable material, stabilization via K-wires in combination with or without additional wire loop, hook plate or the Bosworth screw [9] [10] [11] [12] . A new option is offered by the TightRope™ system (Arthrex, Naples, USA) [13] . This technique was developed as a minimally invasive procedure to treat torn conoid and trapezoid ligaments in acromioclavicular luxation. Due to its minimally invasive approach, traumatic soft tissue damage is reduced in comparison to open surgery procedures [13] . Additional advantages, such as no need for re-operation to remove hardware (wires, screws or plates) are striking. Complications of hardware failure like breakage, dislocation or bone resorption leading to reoperation and further harm to the patient should be minimized [14] [15] [16] . Better cosmetic results are also seen [17] .
There are publications investigating operative treatment using the established methods named above. Results comparing different methods are rare and literature research regarding treatment with the tight rope device is slowly growing [18] [19] [20] . As a result, the situation concerning comparative investigations focusing on the advantages (safe stabilization of AC joint by K-wires, low morbidity versus minimally invasive approach and remaining implants in treatment by tight rope systems) and disadvantages (risk of material failure, decreased range of motion, operative revision versus difficult technique with expensive material) of both methods is unsatisfying.
We have focused on radiologic results and changes in verifying the value of either K-wire fixation or fixation using the tight rope technique. We therefore analyzed patients from our institution that were treated with one of the named procedures between 2005 and 2011. Acromioclavicular and coracoclavicular distances, presence of heterotopic ossification, postoperative osteolysis and arthritis were analyzed. Furthermore timing of surgical treatment, time of operative procedure and duration of hospital stay were assessed.
Material and Methods

Patient population
We performed a retrospective radiographic study that included patients diagnosed and treated at our institution between 2004 and 2011 with either the TightRope™ system (Arthrex, Naples, USA) or K-wire fixation. Inclusion criteria were first event injury, Rockwood type III dislocation, injury occurrence within 2 weeks, no concomitant injury and no previous surgery for acromioclavicular joint luxation.
Decision regarding the operative procedure was made by the operating surgeon after educating the patient about the risks and benefits of the surgical techniques. All patients provided their written informed consent before undergoing the operation.
Surgical techniques
All patients were operated in beach chair position under general anesthesia.
In case of the minimally invasive tight rope system technique, a non-absorbable string was positioned through the boreholes between the coracoid process and the clavicle. Repositioning maneuver was performed and the string held in position by anchors placed underneath the coracoid process and above the clavicle [13] .
K-wires (strength 1.6mm) were brought in from the lateral aspect of the acromion aiming cranially at the center of the lateral clavicle. The clavicle was then brought into position and K-wires were screwed in. Augmented sutures or suture of ruptured ligaments were additionally performed [21] .
All patients followed a standardized postoperative treatment scheme [22] .
Radiologic evaluation
The distance between the acromion and lateral clavicle (AC), as well as between the coracoid process and clavicle (CC), was measured on the day of admission based on true anteroposterior views of the affected shoulder and on anteroposterior stress views with 10-kg load on both shoulders. Further x-rays were obtained within the first postoperative week, as well as during the last follow up (anteroposterior view). Results were compared to the distances on the patients' healthy side. The AC distance was measured between the center of the medial aspect of the acromion and the center of the lateral aspect of the clavicle. The CC distance was measured between the coracoid and inferior cortex of the clavicle. We then compared measurement results from both groups. We also focused on heterotopic ossification and postoperative osteolysis in both groups.
Statistics
Statistics were carried out by SPSS (Version 11.5.1). The Kolmogorov-Smirnov-Test was used on all data to test for normal distribution. Metric data were compared using the Student t-test. Results were analyzed and compared with each other. The chi-square test was used to detect the impact of each procedure. Descriptive results were demonstrated as the mean ±sd. The level of significance was defined as p=0.05. Graphics were illustrated by using SPSS (Version 11.5.1) and Windows EXCEL ® .
Results
Radiographic results
The TR group included 16 patients (male n=15; female n=1, mean age 38.9 years (range 25-63). The KW group included 11 patients (male n=10; female n=1, mean age 32.2 years (range 25-44). Most injuries were caused by sport activities (n=6), followed by traffic accidents by car (n=5), motorcycle (n=4) and bicycle (n=5). Falls were another cause (n=4). In 3 cases the c could not be reconstructed. All demographic data, clinical and operative information, as well as time intervals were revealed by chart review.
In both groups, the distance between the acromion and lateral clavicle (ACD), as well as the coracoid process and clavicle (CCD) was significantly higher on the injured side as compared to the healthy one (TR ACD 4.27±1.87 vs. 14 (Figure 2A, 2B) . Comparison of the initial ACD on each patient's healthy side with early postoperative results displayed reduction from the traumatic increases in ACD and CCD and good reconstruction alignment in both groups.
The last radiologic follow up in the TR group was performed 6 weeks after surgery and after 21 weeks in the KW group. Results were compared to the distance on the patients' contralateral healthy side and also to preoperative measurements. The last radiologic control revealed higher ACD and CCD in comparison to the healthy side (TR ACD 10.48±5.29 vs. 4.27±1.87 and CCD 11.55±1.77 vs. 10.89±2.67; KW ACD 6.93±4.75 vs. 4.07±1.27 and CCD 13.52±2.69 vs. 10.95±1.72). ACD in the TR group showed significant difference (Figure 2A, 2B ).
With the exception of early postoperative follow up, no significant differences were noted in the distances measured between the day of injury and the last radiological follow up (Figure 2A, 2B ).
Comparison of ACD and CCD of the TR-with the KW cohort showed equal measurements on the healthy, as well as the injured preoperative radiographs. Although by the end of the treatment, there was a tendency toward greater distances in ACD and CCD in the TR group, significant shift toward one of the groups could not be seen ( Figure 3A, 3B ).
Radiological signs of heterotopic ossification were seen in 2 cases in the KW group (18.2%), yet neither of the operative procedures was significantly associated with heterotopic ossification. Signs of posttraumatic osteolysis could not be seen in either group, nor in posttraumatic arthritis.
Clinical results
Patients from both groups were operated on average within 5.7 days (range 1-13) after sustaining trauma. However, patients from the TR group were more likely to be discharged earlier. They left hospital after 2 days (range 1-4), while patients from the KW group left hospital after 2.6 days (range 1-4). Surgery time in the TR group exhibited shorter duration (61.6 min (range 36-101) vs. 84.8 min (range 51-187)). Three patients (18.75%) in the TR group showed impaired wound healing, migrating K-wires were recorded in 2 patients (18.2%) and impingement syndrome occurred in 1 patient (9.1%) with K-wires. There was a loss of reduction (more than 1 clavicle shaft width) in 2 cases within the TR-group (12.51%) and 1 in the KW-group (9.1%).
Discussion
Due to high percentage of AC joint dislocation in shoulder injuries, different operative techniques have been developed and are frequently found in the treatment of higher grade AC joint separation. The use of hook plate, temporary K-wire fixation or the Bosworth screw is common [9] [10] [11] [12] . Treatment of Rockwood type III dislocation is considered controversial. Due to lack of high quality investigations regarding this issue, Cecarelli et al. called for more prospective randomized studies using validated outcome measures to identify suitable operation techniques for acute injuries [8] .
A new option for the treatment of higher grade acromioclavicular separations is provided by the tight rope reconstruction technique. This method represents a minimally invasive procedure to treat torn conoid and trapezoid ligaments in the presence of acromioclavicular dislocation [13] . [24] .
To our knowledge, there are no comparative studies emphasizing the radiological changes of this new and promising device to established methods. Due to the fact that operative treatment in Rockwood III separations is considered controversial, we only included patients graded with a Rockwood III lesion. Our patient cohort was homogenous with regard to age, gender and physical activity.
Patients from both groups were operated within the same time interval following injury. However patients from the TR group tended to be discharged earlier. The reasons for finding could include the fact that the Tight rope system is a minimally invasive procedure using small incisions that cause less soft tissue damage, is less invasive in placement of foreign material and offers a higher postoperative range of motion.
Focusing on the x-ray examination, the patient's injured side was compared to the healthy one. Preoperative radiographs revealed a significant increase in the AC and the CC distances in both the TR and KW groups (Figure1A, 1B) . Early postoperative radiographic controls demonstrated a significant reduction in the AC and CC distances compared to preoperative status. Reduction was achieved using either one of the procedures and good alignment reconstruction was observed in both cohorts ( Figure 3A, 3B) . We therefore confirm measurement results that were taken in other studies evaluating the tight rope system in the early postoperative period [19, 23] .
However, during clinical follow-up, loss of reduction was seen in 2 cases within the TR-group and 1 in the KW-group. Compared to stable fixation via K-wires, acromioclavicular alignment by tight rope reconstruction is held by simple sutures. Walz et al. demonstrated that anatomic reconstruction of the AC joint using the tight rope is a stable and functional anatomic reconstruction procedure, which displayed favorable in vitro results with equivalent or even higher forces than native ligaments [25] . Nevertheless, suture rupture with loss of reduction is the main complication that may occur due to tunnel malpositioning or implant loosening [18, 26] . Motta et al. noted that the use of flip buttons may not be indicated in patients with joint hyperlaxity. The device obtains immediate stability only on the vertical plane and not on the horizontal plane. Therefore, he points to anteroposterior movements of the acromioclavicular joint that may rub the suture against bone tunnels, leading to wear and tear [26] .
Due to the fact that K-wires maintain a rigid stabilization during recovery, mobility is decreased. The wires lower the forces that are put on the acromioclavicular joint. Nevertheless, as long as an internal fixation stabilizes the AC joint, a judgment about the success of this treatment option cannot be made. We therefore performed the last radiological control 6 weeks after the surgery in the TR group and after 21 weeks in the KW group. By this time, the K-wires were removed and treatment was completed.
Results from the formerly injured side were compared to the distances measured on the healthy side. Distance in the AC joint was significantly higher in the TR group, while CC distance did not show a significant difference. AC and CC distance in the KW group did not show significantly increased distances, either. Furthermore, there was no longer a significant reduction in the distance measured during the last radiographic controls as compared to the preoperative status, in both groups. Postoperative widening in the AC and CC distances is described commonly by authors analyzing established AC repair methods [15] and seems to be present in treatment with the tight rope device [19, 23] or using comparable devices [27, 28] . Literature addressing this topic is slowly beginning to appear. To our knowledge, only Patzer et al. have published data that provide information about reduced CC distance after double tight rope reconstruction compared to the STR technique. Comparison of the distances measured in the TR group with those from the KW group, provided equal results in preoperative radiographs on the healthy and the injured sides, which is due to homogenous cohorts. Postoperatively, the ACD and the CCD measured in the KW group were closer to the distances measured on the healthy side than to distances from the TR group. Better alignment was achieved by K-wire stabilization. Following the removal of K-wires, the ACD continued to appear wider in the TR group, while CCD rose in the KW group. No significant difference in the distance measurements comparing the two groups was seen.
Regarding posttraumatic ossification, we cannot confirm the high rates described by Rehbein et al. [29] . [34] . We believe that the use of Tight rope is not associated with an increased risk for heterotopic ossification, but despite having a good working hypothesis, the causes of heterotopic ossification remain unclear. Further studies must focus on the causes of posttraumatic ossification, before it can be revealed as to what extent different operative techniques are affected by it.
Although this is a retrospective study with missing indications for performing x-rays on patients with asymptomatic clinical follow-ups, our intention was to compare an established treatment option of acromioclavicular joint separation with a new operative procedure. Based on our data, we conclude that the use of a minimally invasive tight rope device is an effective and safe alternative for the treatment of higher degree acromioclavicular luxation that is comparable to the already established methods. Severe radiographic changes (heterotopic ossification, osteolysis, arthritis was not associated with neither procedure). Long-term clinical and radiographic results are still rare and need to be evaluated in further studies.
Advances in knowledge
This is the first study focusing on radiographic results after implementation of the Tight rope system as a new option for the treatment of acromioclavicular joint separation.
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